In this work twin-roll cast AZ31 magnesium strip of thickness 5.6 mm was subjected to the heat treatment and further constrained groove pressing. A comparison of the microstructure and microhardness of as-cast, constrained groove pressed and annealed material was carried out. The twin-roll cast strip exhibits an inhomogeneous structure which is replaced by a ner and uniform recrystallized one after aging at 450
In this work twin-roll cast AZ31 magnesium strip of thickness 5.6 mm was subjected to the heat treatment and further constrained groove pressing. A comparison of the microstructure and microhardness of as-cast, constrained groove pressed and annealed material was carried out. The twin-roll cast strip exhibits an inhomogeneous structure which is replaced by a ner and uniform recrystallized one after aging at 450
• C for 10 h. A signicant increase of the microhardness was observed accompanied by a pronounce grain renement. Nevertheless, the distribution of the grain size is unequal along the specimen width. Thermal stability of the deformed structure during subsequent annealing was investigated. It was shown that higher annealing temperatures result in a formation of a more uniform recrystallized structure and in a signicant drop of microhardness down to the values obtained for as-cast alloy. In the recent decade signicant attention was paid to magnesium alloys and their applications in the automotive industry [1, 2] . Methods of severe plastic deformation (SPD) in order to improve strength, ductility or corrosion resistance of magnesium alloys are under enormous interest [35] . The combination of energy saving continuous casting technique with further SPD treatment and annealing is very useful for the production of ultra-ne grained (UFG) sheet materials with unique properties. Twin-roll casting (TRC) of magnesium alloys is a continuous casting technique which allows the production of long thin strips of a good quality [6] and together with constrained groove pressing (CGP), which is wellestablished for aluminium alloys [7, 8] , ne-grained sheets can be produced with almost no size reduction of the strip. As a result of hexagonal close-packed structure, magnesium alloys exhibit low ductility and high brittleness at room temperature [9] . Therefore, the application of CGP to magnesium alloys is limited because of the deformation mechanism characterized by the lack of active slip systems, which could be activated only at higher temperatures. In this paper the properties of TRC AZ31 strips improved by a high temperature CGP processing are reported. Their thermal stability and the uniformity of mechanical properties were studied and related to the observed microstructural changes.
* corresponding author; e-mail: m.zimina@seznam.cz 2. Experimental procedure AZ31 magnesium alloy strips of 5.6 mm thickness produced using TRC technique with the chemical composition present in the Table were studied. Plates with dimensions 70 × 55 × 5.6 mm 3 with the longest side parallel to the rolling direction (RD) were cut from the TRC strip for further CGP as is shown in Fig. 1a . In order to minimize the formation of cracks, plates were preheated at 450
• C for 10 min in an air furnace before each of four CGP steps and immediately pressed with the asymmetric die [7] . The geometry of the die is shown in Fig. 1b . The die and the grooves were at room temperature and were oriented perpendicularly to the RD of the TRC material. After one CGP cycle plates were subjected to step-bystep annealing with 50
• C/50 min heating rate up to 250, 300, 350, and 400
• C and held for a one minute at given temperatures. Moreover, one as-cast and one CGP specimens were aged at 450
• C for 10 h in order to study the inuence of long-term high temperature exposure.
The as-cast specimen and specimens after CGP were mechanically grinded, polished and etched by acetic picral solution and then subjected to light optical microscopy observations and Vickers microhardness testing with 100 g load.
(775) Fig. 1 . a) Scheme of the twin-roll casting and following constrained groove pressing, b) scheme of the die used for constrained groove pressing.
The cross-sectional mapping of specimens was performed using a QNess A10+ microhardness tester and QPix Control software. The density of the indentation net was ve indentations per square millimeter.
All micrographs were obtained using an Olympus GX51 light optical microscope on a longitudinal section in transverse direction (TD) of the samples. In recent studies [6, 10, 11] it was shown that the TRC strip used in the present study was cast at optimal casting conditions with minimized inhomogeneity of the as-cast structure. The microstructure image of AZ31 magnesium alloy is shown in Fig. 2a . Due to the deformation imposed during TRC grain size in the surface layer is much smaller (1020 µm) than in the bulk of the sample (200 µm). However, full recrystallization accompanied by a homogeneous distribution of ne grains (average size ≈50 µm) were observed after aging at 450
• C for 10 h (Fig. 2b) . One CGP cycle applied on the TRC semi-product after preheating at 450
• C for 10 min results in the formation of deformed structure which exhibits extensive heterogeneity along the RD (Fig. 3a) . The grain size varies from tens to hundreds µm depending on the position along the RD. Three signicant areas characterized by a dierent grain size located between two grooves are shown in Fig. 3bd . Two similar zones with the grain size of about 1520 µm are located in a distance of 7 mm representing the geometry of the die (Fig. 3b,d ). Between them there is a transition zone which is characterized by grains of the size of about 50 µm and a large fraction of deformation twins (Fig. 3c) . As will be shown in the following section (3.2) the zones represent dierent extent of deformation imposed by dierent parts of the groove die.
In order to examine the resistance of the CGP material to the thermal loading specimens were annealed up to 250, 350, and 400
• C, as is described in previous section. The microstructure passes through substantial changes resulting in a more homogeneous distribution of the grain size, but the three distinctive areas can be still well distinguished at all annealing temperatures. Figure 4 shows micrographs of specimens annealed at dierent temperatures. The microstructure after annealing at 250
• C is almost the same as the one observed in the as-deformed material. (Fig. 5) shows that the CGP process promotes uniformity and renement of the structure. The observed grain size was about 25 µm in the transition zones and ≈10 µm in the rest of the material.
Microhardness
The Vickers microhardness mapping was made at the cross-section in TD of samples. In Fig. 6 changes in the local mechanical properties after CGP are presented. The microhardness distribution also reects the geometry of the die and is correlated with dierent observed microstructure. The as-cast material exhibits inhomogeneity mainly in the normal direction (ND) of the strip (Fig. 6a) and higher values of microhardness are generally observed in the center of the strip and near both surfaces, i.e. in areas with signicantly ner grains. On the contrary, the CGP material is heterogeneous along the RD (Fig. 6b) and microhardness values reach up to 85 HV0.1 in regions of the highest deformation (regions (b) and (d) in Fig. 3 ). Similar heterogeneous distribution of local mechanical properties is often observed also in Al alloys [12] . The evolution of microhardness during annealing in the CGP material is shown in Fig. 7 . For this measurement the 8 × 5 mm 2 area containing dierent types of microstructures and microhardness distribution was chosen (marked by the dashed box in Fig. 6b ). Slow softening of the material and elimination of the heterogeneity along the RD occurs with increasing annealing temperature. The microhardness is relatively low and homogeneous after annealing at 400
• C. Microhardness values are comparable with the ones observed in the as-cast material.
Microhardness maps of TRC and CGP plates aged at 450
• C for 10 h are given in Fig. 8 . Average microhardness of the CGP material is almost 55 HV0.1 while the one for TRC is 45 HV0.1. Thus, thanks to the reduction of the grain size during CGP process a homogeneous material with the microhardness by almost 20% higher (when compared with the TRC material) without signicant dimension reduction can be received. 4 . Summary TRC 5.6 mm thick AZ31 magnesium strip was used as a semiproduct for further mechanical and heat treatment. One CGP cycle was successfully reached by the preheated specimen. The reduction of thickness after CGP was less than 10%. Heterogeneity of the microstructure along the ND of the TRC material (which is common for this technique) is replaced by the heterogeneity along the RD after one CGP cycle. Nevertheless, elimination of the heterogeneous structure is expected after several CGP cycles.
Due to the imposed deformation during CGP and the grain size decrease, the increase of the microhardness up to 85 HV0.1 occurs. Annealing up to 250
• C, 350
• C, and 400
• C of the CGP material was performed. The recrystallization starting at 350
• C results in a more uniform grain structure and in the elimination of twins.
After aging at 450
• C for 10 h CGP material exhibits almost 20% higher microhardness values than the aged TRC strip.
